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Foreword

Volume $5 of the Navy Tactical Applications Guide (NTAG) series is
devoted to regional weather analysis and forecast applications in the
northern Indian Ocean. Part 1 of Volume 5 is dedicated to operationally
important weather phenomena affecting the region surrounding and
including the Red Sea and Persian Gulf. Part 2 extends the area of
interest to the Arabian Sea and Bay of Bengal. The case study technique
of relating weather satellite imagery to concurrent conventional weather
data and analyses from the surface to the upper troposphere, along with
available numerical guidance products, is continued. focusing on the
unique weather characteristics of the Indian Ocean region.

Whereas the topics of blocking and cyclogenesis were emphasized in
previous volumes, it is the powerful monsoon influences of winter and
summer that become the dominant interest in the Indian Ocean.
Duststorm generation is a subject of major interest because of its effect
on operations thoughout the northern portion of the Indian Ocean
region. The ability to detect duststorms over land areas at the time of
carliest inception in satellite data, and to forecast the areas most likely to
be influenced by the dust, is given special attention.

The Indian Ocean volumes are intended as an evolving series which
will be supplemented with additional material presently under
development. The initial material is being distributed to the fleet to
expedite access of completed work for operational use.

As with case studies developed for previous volumes, many of the
principles derived for Indian Ocean weather analysis and forecasting are
general in nature and equally applicable to similar weather events in
other areas of the world.

It is anticipated that these guides will be uscful supplements ta other
material available for the Indian Ocean region in their emphasis on new
aspects of weather satellite interpretation for improved weather analysis
and forecasts.

/‘EVWZ/U K (doye LJZ

KENNFTH L. VAN SICKLF
Captain, 11.S, Navy
Commanding Officer. NEPRT
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Red Sea/ Persian Gulf

Physiography

The Red Sea lies in the northern extension of the eastern branch of the
great Rift Valley of eastern Africa (1A-2a). It is surrounded by
mountainous terrain which rises sharply to high elevations from a
narrow coastal plain (1A-3a). The Red Sea is about 1,200 n mi long with
its greatest width (190 n mi) in the southern part where the mountains are
also the highest. The great Nubian and Arabian Deserts are located to the
west and east of the Red Sea, respectively.

On the African side, a ridge some 20-30 n mi inland roughly parallels
the coast. The ridge is about 3,000 ft (914 m) high in the north, with a
significant gap in the north-south barrier near Tokar. South of 16° N,
the mountains bordering on the Red Sea arc about 6,000 ft (1,828 m)
high.

On the Arabian side of the Red Sea, there is a higher and broader
mountain barrier. The mountains exceed 4.500 ft (1,372 m) from ihe
northern end of the Red Sea to about 27° N: from there southward to
Jidda, they are mostly above 3.000 ft (914 m). South of Jidda. the
mountains are over 6,000 ft (1.828 m). The high terrain surrounding the
Red Sea forms a large channel which is called the Red Sea basin. This
high bordering terrain disrupts the flow around cyclonic disturbances
crossing the region, resulting in pronounced channel flow in the Red Sea
basin. The gaps and lower portions of the surrounding barriers provide
favored arcas of flow into the Red Sca basin from the deserts on either
side.
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The Persian Gulf is located to the east of the Red Sea (1 A-2a). The guif
is approximately 450 n mi long, with widths varying from 190 to 180 n mi.
The Persian Gulf is bounded on the south and west by the peninsula of
Arabia. and on the north and east by the Asian Continent,

Along the Arabian coast of the Persian Gulf is a vast, low-lying desert.
Mountainous terrain (Hajar Mountains, 1A-2a and 3a) is located along
the southeastern coast of Arabia, bordering on the Gulf of Oman.
Mountains rise sharply from the sea to about 6,000 ft (1,828 m) in this
coastal region.

To the north and east of the Persian Gulf, the terrain is also
mountainous and rises sharply to the tablelands of Iran and Afghanistan.
In some places, the tablelands rise to about 3,000 ft (914 m) directly from
sea level, and to above 10.000 ft (3,048 m) further inland, with some
perennially  snow-capped mountains. Wide valleys parallel the
mountains, along with strips of low land of varying width between the
mountains and the sea.

Reference

NEPRF. 1980: Weather in the Indian Ocean to Latitude 30” S and longitude 95° ¥
including the Red Sca and Persian Gulf. Vol. 2, Part I. NAVENVPREDRSCHFAC
Technical Bulletin 80-02, Naval Environmental Prediction Research Facility,
Monterey. Calif.. 83 pp.
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Red Sea/ Persian Gulf
General Weather Patterns

Autumn Transition (October-Noyember)

Fall begins the transiion 1o cooler temperatures
which prevanl over the Red Sca and Persian Gult
rooon from November through Apal. Fhe heat Jows
a.er the adiacent land arcas bepin to weaken and
feadly disappear to be replaced by acool ridge as the

monscon trough over the ladian Ocean moves
coathward toward ity winter position near  the
bguator

Winds are  generally northwesterly  over  the

totthern Red Sea and Persian Gult, but may become

cutharlyoor southeasterty due to the passage of
ve tohy moving mid-latitude depressions from the
AMo-diterrunean

it southern portion of the Red Sea undergoes a
coesonal reversal of wind dicection at this tume due to
i cisoonal ettects trom the Arabian Sea, as winds
sttt trom northwesterly to o southeasterly. This
vocrsal produces a comvergence of tlow, giving rise to
the comvergence zone cloud band (CZCB), normally
Tovated over the Red Sea. I8 207 N, from
Q. tober through February

neal

e surface pressure pattan and  approximate
“roction of ait motement over the Red Sea region
i October (PA-da and by show that the
comvergence of arr over the Red Sea s often linked
cith amilar comvergencee in o trough or eyelonic wind
shear regron extending southeastward  toward the
Jeetsi-permianent low pressure arca over Sudan,

the GOEBS-Indian Ocean visible picture on 20
Cictober 1979 (1A-54) reveals that the effect of this
: can  produce  extensive  convective
dcudiiiess i g band covening the northern Red Sea
4 extending southwestward to Sudan. Disturbances
focuently move northeastward along this band,
producing tirst a northward and then a southward
doplacement ot the CZCB over the Red Sea, The
coneurrent NMO surface streamline analysis (1A-5b)
Jdopts teatures of flow closely approsimating the
“coan condition for Octoaber (1A-db)

CICC

latitude depression o1 frontal passage in the
i sortion of the Red Sca Persian Gulf region
AR astonal squalls which can be especially
cereintoe yult of Agabas the northern Red Sea.and
i che Persian Gull, where they are known locally as
Uhaimua™ These squalls ocour from early October
ticuch late November and. i rare instaaces, have
ho e reported to have been accompanied by wind
Soceds eacecding hurricane toree (NEPRED 1950,

Woends i excess of 20kt howoser, are sutticient to
¢rate saadstorm conditions Jetrimental to operations
tomany arcas Such wands afmost always accompans
o belfow movement of a depression into the northern

Poistan Gult region An example of such an
vernttenee s shown on the GOES-Indian Ocean
sihle picture tor 26 October 1979 (TA-64). The

catresponding . NMO O surtace streamtine analysis
A oby displavs southerly winds comung around the
Aot sde of the antieyvelone over the southern Arabuan

Peninsula, bringing moist tropical an nto juxta-
posttion with cool, modified polar ari tiom the castern
Mediterrancan, This produces active frontogenesis in
the northern Persian Gult region wath very strong
moisture and temperature discontinutties. Further
movement of the depression southward imtiates
sttong northerly shamal conditions which raise sea
state very rapidly over the Persian Gult.

Suchdisturbed conditions are not the rule, however,
during the autumn transition. Generally, weather over
the region during this period s bemign with very little
low cloudiness, good visibility, and «nly occasional
light rain.

Reference

NE PRI 198O Weather in the Indian Ocean to Latitude 30
Sand Fongtude 95 Fincluding the Red Sea and Persian
Gult Vol 20 Part | NAVENVPREDRSCHEAC
lechnmical  Bulleun  %0-02. Naval  Fnvironmental
Predicnon Research Faailits. Moaterey, Cahf., 83 pp
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Red Sea! Persian Gulf

Spring Transition—Early Phase Introduction
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Spring Transition' Early Phase (1-15 May)

The «pring transtion from the nottheast o the
southwesl monsoon over the northern Indian Ocean
region s a tesult o increased heating ol the land areas
resulting 10 relatine!s fower pressure over land in
SUmMNL SO that o1 the water This constitutes a

smpite o' 'omthe winter northeast monseon
otish

! TR N R :
pressercs Nueniak ace heattrough has
tarmed over northern Inda which extends westward
over Pakistan. fran. Saudi Arabua and across the Red
Sea into Afnca

The NMC surface streamhine analysis for ¥ May
1979 (1 A-16a) shows tvpical condittons of the spring
transinon. early phase 11 15 Mav Cyvdlone aircu-
lations are depicted ninging the Red Sea Persian Gult
region trom southern India through Pakistan, across
Saudt Azabia. the Red Sea. and into the Sudan region
of Afrwea

The MONEN K80- and "-mh mean tlow tields
A-i6b and 17ay tar the 1 15 May 1979 transition
porood soveal g strong anbosclonic patiern extending
over Saud. Aratia with ndging inte northern {ndia
The analvres conbirm the shallow nature of the surtace
heat low which occupies only the lowest kilometer of
the atmosphere and does not extend upward even to
the ¥50-mb level

The MONEYX 200-mb mean flow field (1A-17h)
femiets 2n oxtensive anticvelonie cell centered in the
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Red Sea/ Persian Gulf

General Weather Patterns

Spring Transition— Early Phase
Spring Transition— Late Phase
Southwest Monsoon
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Red Seal Perswan Gulf
General Weather Patterns

Northeast Monsoon (December-March)

lhe northeast monsoon scason  extends {rom
December through March, This is the cool or cold
season for the Red Sea and Persian Gulf, In January,
ai extension of the winter anticyclone over central
At protrudes over Iranand into the northern Persian
Gult region (1A-8a). In addition, high pressure is also
tound over Fgypt, while aninserted teough dominates
the Red Sca. as shown in the mican surlace pressure
and wind tlow pattern for January over this region
(1 A-%a and 8b).

Diepressions from the Mediterruncan frequently
move through the Red Scea Persian Gulf region,
producing overcast skies, rain, squalls, and thunder-
storms. Sand  and  duststorms  almost  always
accompany these disturbances. Aloft, the depressions
<how a branch of the polar jet which often interacts
with the subtropical jet.

On those occasions when i large-scale blocking
patiern Is established either over Furope or Asia, a
long-wave trough may extend southward over the
northern portion of the lndian Ocean. Under these
conditions. the mid-latitude jet and related frontal
systems will move through the Red Sca and Persian
Gult region and wil penetrate well into the central
Arabian Sea.

Secondary evelogenesis frequently forms over the
Persian Gult to the south of the mountain ranges of
Irag and Turkey. With the approach and passage of a
Jisturbance. low-level winds will first be southerly and
then northwesterly, The strong northwest wind events
over the Persian Gulf are known as the “shamal™
Peirone (1979) addresses the winter shamal in detail.

The DMSP visible picture on 12 January 1980
(1A 9a) shows the typical cloudiness over the Red Sea
during the northeast monsoon. Northerly low-level
Heva occurs over the northern and central portions of
the Red Sca. This is an extension of the westerly flow
tram the eastern Mediterrancan. The general north-
cant monsoon Now trom the Arabian Sca extends
through the Gult of Aden as casterly flow and then
enters the southern Red Sea as southerly flow. The
apposing Tow-level tlows of the Red Sea merge near
iN 20 Noaad produce a climatological cloud feature
referred 1o as the comvergence zone clouu band
(CZCB see See 10 Case Ty

Shies are geaerally cdear north of the CZCB. South
ot the CZCRB. scattered to broken cumulus or
stratocumutus prevail The tack of clanty of the Nile
Riv o suepests obscuration by dust or haze A few
stations i the area are reporting suspended dust or
haze C1A-100) which s probabi widespread over the
region

Fhe NMO surtace streambhine analvsis for 1200
GNL(TA-10a) shows a 1S Rt northerhy wind o the
notth of the CZCBand a4 25-ktsoutherly wind south ot
i, with hght and vanable winds in the CZCB. The
displacement of the CZCB tiom its normal winter
position (1TA-8b) 15 an indication ot a synoptic-scale

IA-8

disturbance over the Red Sea region (see Sec. 1C,
Case 2).

The upper-level westerlies penctrate progressively
turther cquatorward with height. The 700-mb analysis
(1A-10b) shows the subtropical ridge ncar 13° N over
the southern Red Sea. At 500 mb (1A-11a)and 250 mb
(1A-11b), the westerlies advance cquatorward. Jet
stream activity is quite common at upper levels, as
shown by the mean 200-mb position of the subtropical
jet (STJ) during the winter of 1955 56 (1A-12a). An
isotach maximum of over 150 kt is cvident over the
northern portion of the Arabian Peninsula. The NMC
200-mb analysis for 12 January 1980 (1 A-12b) reveals
that the STJ is near the mean paosition, while the polar
front jet (PJS) lies to the north.

Generally, the northern Arabian Peninsula and the
Persian Gulf are under the influence ot a high pressure
ridge that extends southward from the Asian anti-
cyclone. The NMC surface streamline analysis for 3
January 1980 (1A-13b) is a typical example. On the
250-mb analysis (1A-13a). the STJ is shown passing
over the northern Red Sea and the southern Persian
Gulf. Strong horizontal speed shear is cvident with
winds over 100 kt decreasing to 70 kt and less south of
the jet axis. Pronounced turbulence at upper levels is
normally associated with such shear.

I'he presence of high pressure over the Arabian
Peninsula results in light winds and nearly clear skies
throughout the region, as shown on the DMSP visible
picture for 3 January 1980 (1A-14a). The main
cloudiness over Saudi Arabia is a band of cirrus
assoctated with the STJ. Knowledge of the position of
the STJ over Saudi Arabia during the winter season
offers a useful clue regarding the location of the
surface anticvelone which normally lics immediately
south of this feature in the position as shown on the
surface analysis (1 A-13b). The transverse banding of
the jet stream cirrus evident in the DMSP picture is
indicative of horizontal speed shear and associated
turbulence.

Northerly flow in the Persian Gulf on the east side of
the surface high over the Arabian Peninsula is
indicated on the DMSP picture (1A-14a) by the cloud
line passing ecast of the Qatar Peninsula which
broadens on 1ts southward extremity, as cloudiness is
advected onshore southeast of Qatar. Plotted wind
reports on the surface analysis (1A-13b) verify the
northerly flow condition over the gult. Lhere v alsoa
nid-latitude disturbance observed to the north in the
satellite picture (1A-14a). The disturbatice s located
over the Taurus Mountains of Turkev, with cirrus
streaks associated with the PIS (1A-12b) sweeping
over the Caspian Sea.

Reference

Arshnamurti, 10N, (9610 The subtropical et stream of
winter. J Mereor., 18,172 191,

Perrone, 1. 3., 1979: Winter shamal in the Persian Gult
NAVENVIREDRSCHEAC Technical Report TR 79-
U6 Naval Fnvironmental Prediction Rescarch Facitity,
Monterey, Calit., 180 pp
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Red Sea/ Persian Gulf

General Weather Patterns

Northeast Monsoon
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Red Seal Persian Gulr
General Weather Patierns

Spring Transition: 1 ate Phase (16 May-~15 June)

During the late phase of the spring transition (16
Mav 1S June), southw est monsoon conditions become
tirmly established over fndo-China. However, the
pattern over India semains less organized and st
subject to effects of md-Lititude systems moving into
the region. The Red Scaand Perstan Gult areas also
ate subject o incursions of the desert front moving
southward through the region, pushed by strong
northerhy flow giving nse to duststornr episodes fasting,
tor several davs (see See. 1D Case )

The NMUO surtace streamhae analysis tor 17 May
179 (1 A-I8b) depicts easterhy Hlow i the Gult ot Aden
wphvng southerly tlow into the southarn portion of
the Red Sea. Lhis tvpe of flow s chatacteriste of the
uortheast monsoon and is a detinite indicator that the
~outhwest monsoon has not yet become established

Fhe Jow-pressure arca over the Avabian Peninsula
appedrs quite dryv, judging from surrounding weather
reports. Widespread observations of dust, hawever,
are reported along a northeast southwest oriented
band runming through the low-pressure arca. as
detined by the cyclonic streamlines. This dust was
raised by winds associated with the desert front which
previously had moyed into the arca from the north,
resulting in a modification of the thermal trough in the
region.

Fhe MONEX 850-mb tlow ficld (1A-1¥a) shows a
trough in the region ot the desert tront. Nartherly
winds over the Red Scaand Tigris Buphrates Valley
align with the surlace winds over those regions which
cnhances the tendency toward stronger tow-level
northerly flow,

On this day (F7 May 1979), satellite imagery was not
avatlable over the region: however. the DMSP visible
picture (1A-19a) of the Red Sea Perstan Gult region s
shown tor the previous day (16 Mav). Streambines and
suttace abservations superimposed on this nmage
(1A-204) reveal the desert tront location which
antends trom the Persian Gult, near Bahrin, to the
southern portion of the Red Sea. Note especially the
strong northerly winds inthe Red Sca the dust reports
over Arabue and the indication of dust over the
aotthern Persian Gulf. (See Seel 1D, Case t tor d
drcussion of the eirly development and movement of
this desert frontal feature.d

Fhe upper-tropospheric wind conditions, as shown
a4t 250 mb (PA-2 1o, reveal a jet streak over the
notthern portion of the Red Sea Persian Gulf region
Ihe nud-troposphenie wind conditions, as shown at
St mb (IA-21b) are maderately strong from the west
over the Red Sear Pervan Gulf region while an anu-
cwelone fres to the <outh in its tvpical position over
~outhern Sauds Arabia Fhese winds turn ina typical
manuer, anticvclomcally, producing strong nartherly
wenids over the Persian Gulf,

Fhe NMO sartace streambime analysais over the Red

Sea Persian Galt regon tor 9 June 1979 (1A-22h)
shows htde chanpe near the end of the pre-monsoon

IA-18

period. However, wind speeds to the south, near the
coast of Somalia, have essentially doubled in strength
indicating the near-term commencement of  the
southwest monsoon. Fhe MONEX 850-mb flow field
for 9 Junc (1A-22a), when compaied 10 the 17 May,
R50-mb flow ficld (1A-18a) emphasizes the surface
depiction of a better organized southwest monsoon-
type flow pattern.

Troughing at the 850- and 500-mb levels (1A-22a
and 23b) over India appears to be the result of the
pencetration of a migratory nud-latitude trough into
the region, and s responsble tor enhanced cloudiness
and coavective actiaty over India, which cannot at
this stage be attnbuted to a4 monsoonal nfluence.
Madification ot the thermal toughs over Pakistan
and northern India by nud-latitude mugratory systems
1s a characterntic feature of the pre-monsoon period.
Such moditication was alvo cathier noted over Saudi
Arabia as the desertfront imoved southward across the
Peninsuta.

At upper levels. as shown on the NMC 250-mb
analysis (1A-23a). casterlies now extend across the
entire northern Indian Occan excepttorasmall region
over the Red Sea and Perisan Gult north of 207 N,
Such easterly flow 1s an essential ingredient of the
southwest monsoon which was lacking in the early
position of the pre-monsoon period.

Fhe GOFS-Indian Ocean visible picture (1A-24a)
reveals the distinctive clear conditions over Saudi
Arabia, lran. Pakistan. and northern India, as is
normal in the region of the thermal troughs,

Finally the MONEX 850-, 700-, and 200-mb mean
flow ficlds tor the period 16 31 May depict the fully-
developed southwest monsoon. The 850-mb flow field
(1A-24b) shows the anticyclone over central Saudi
Arabia, with westerly flow to the north. At 700 mb
(1A-25b). the southwesterly flow over the northern
Arabian Sca continues to be over-run by northeasterly
winds from a dominant high pressure cell in southern
Saudi  Arabia. The 200-mb  analysis  (1A-25a)
continues toshow two anticvelonic cells separated by a
trough extending into the northern Avabian Sea. A jet
streak oy located over the northern Red Sca and
Persian Gull.
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1A-22a. MONEX 850-mb Analysis. 1200 GMT 9 June 1979.
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Ked Seal Persian Gulf
General Weather Patterns

Southwest Monsoon (June-September)

The Red  Sea Porsan Gult regron does ot
pentiipate o weather cleats cansed by the stiong
couthwesterly flow across the Arabian Scabut rather

attected by weathier conditions assoviated with the
feat lows which Grase the sonthwest monsoon. Hhese
tows and associted troughs develop over Indi,
Cahistan, Afghanistan, hran, and Saudi Arabi with
Catensions into the Sudan region of Atrnica.

Summer s i veny hot and humid tiiae over the
coton, especialiv in the south, while precipitation is
roghigible, Bnthe shallow waters of the Persian Guif,
wed sartace emperatures reach 967 F (35,67 C). Night-
ume cooling ettects as a result are slight over the water,
and tile ahoard ship. without aw conditiomng, s
soimewhat ditticult,

The typical surface pressure and direction of air
movement i July (1A-26a and 26b) show northerly
winds extending down the enure Red Sea (NEPRE,
taxty This 1y also the dominant direction i the
Pessan Gult region exceptior the Gult ot Oman which
is subject (o a greater trequency of winds from the
soatheast,

Nuote that southwesterv flow across Atnca extends

. 7 . o
thtough the Sudantowards the southern portion ot

the Red Sca. This frequently becomes strong enough
to goaerate sand and duststorms which are then
advected into the southern portion ot the Red Sea
Chaethy through the Tokar Gap; see See. T, Case 4).
Dust rinsed by the cold down-rushing air of thunder-
storms thaboobs) in the Khartoum region of Sudan is
oiten caught i this current and carried out over the
Red Sea near Tokar. The northern portton of the Red
Sty not subject to this etfect and visibilities i that
repton are correspondingly much better.

The Persian Guilf is also subject to duststorms
reputarly rawsed during the summer months by strong
northerly winds coming around the west side of low
pressure over lran Atghanistan. The northerly flow
over the Persian Guli, enhanced by a lee trough, and
high pressure to the northeast. plus the topographical
teatures of the area tend to enhance the northerly flow
below 5,000 ft. This results in what is known as the
d0-day shamal, or great shamal, most commonly
cceurring from 6 June to 16 July (see See. TE, Case 5).
Winds ot up to 35 kt may blow for up to a week at a
tme durning this period, though more commonly in 3
day antervals. The winds decrease during nighttime
hours over land due to radiational cooling but remain
guite strong alolt at fow levels.

A comman phenomenon is the development of a
~ovclesvel nocturnal jetstream witha corenear 1 2,000
1 b et develops only under strong nocturnal low-
!velhinsersion conditions and can pose o hazard to
airctatt on take-ot or fanding due to extreme wind
sheat attending the phenomenon.

rust and sandstorm conditions brought on by the

shamal characteristically reduce visibifity to fess than 3
n ni over the northern portion of the Persian Gultand

IA-26

LRSI Yool 0ol oo it s Bl andh A d Mmoo 2o e T

to less than ' n miin the source regrons, such s near
Basra, lray.

The heat lows disappear very rapdly with height
and pive way to high pressure routinely tound aloft at
850 mb. This condition favors gencrally clear skies
with little precipitation.

The GOES-Indian Ocean visible picture of the
region on 15 June 1979 (1A-27a) shows the Nile River
obscured in the northern Sudan. This indicates the
presence of dust in the atmosphere @ condition
which is clearly revealed as a gray shude covering the
southern half of the Red Sea in the GOES image.
Other than a few clouds in the dust region and in
southern Saudi Arabia. the rest of the land arca
affected by the heat lows is remarkably and typically
clear.

The NMC surface streamline analysis (1A-27b)
verifies features of flow similar to that of the mean
conditions (1A-26b). Northerly flow extends down the
entire length of the Red Sea turning to westerly in the
Gult of Aden. Southwesterly flow from Sudan
converges with this flow near Tokar. Dust in suspen-
sion 1s reported at several stations in the Sudan with at
least two locations reporting obscured skies. Note that
winds are quite light in this morning analysis (0900
1.ST). The winds would be expected to increase as
davtime heating is maximized in the carly afternoon.
Northerly flow is also in evidence over the Persian
Gulf, responding to fow pressure over [ran,

Reference

NEPRE.1980: Weather in the Indian Ocean to Latitude 0
Sand Longitude 95" Fincluding the Red Seaand Persian
Gull. Vol 20 Part 1. NAVENVPRIDRSCHEAC
Technical  Bufletin €06-07 Naval  Environmental
Prediction Research Facility, Monterey, Cahf., 83 pp
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Case |

Red Sea/ Persian Gulf—
Autumn Transition

Convective Storms During the Autumn Transition

In general, the weather over the Red Sca and northern Arabian
Peninsula has been characterized as very uniform with a minimum of
low-level cloudiness, generally good visibility, light winds, and negligible
rainfall (NEPRF, [980).

This scenario, however, can be drastically altered during the fall
transition to the northeast monsoon. whenever an upper-air, trough-
ridge pattern, develops over cast Africa and Saudi Arabia. respectively.
Under this motion field, the Red Sca western Saudi Arabian region is
located under a cyclonic flow pattern favorable for deep convective
developments. In particular, the southerly winds around the western
border of the high pressure over Saudi Arabia and the southwesterly
winds along the eastern edge of the low pressure over cast Africa combine
to channel southerly low-level flow from cast Africa. across the Red Sea.
and into the Arabian Peninsula. This southerly flow provides ample
moisture for thunderstorm development. creating the potential for
generally disturbed weather conditions.

Reference
NEPRE, 19%0 Weather i the indian Occan 1o Tatitude 300 S and Tonpeauade 950

incliding the Red Scivand Pecaan Gl Vb 2 Panc BN AVEANVPIOEDRSCHE A
Fechmea) Balletmn 80500 SNocal Povoonmental Pocdeonoon Rewearch Bacdi
Muarteroy, Calit N1 pp
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1 October

the GOES Indian Ocean visible pcture tor
3 GMI (I S0 shows that convectinge activ iy
continues over the Red Sea region, The bands of curus
debris trom the deep convection curve anticyclonically
over Saudi Arabia Lhis imphies that there s an upper -
level trough to the west over Atrcas The surlace
streamline analysis tor 0600 GMT (1B-Xb) shows the
imerted trough over the Sudan extending to the
Moediterrancan; however, itis weaker than before (see
1R-4b). There are reports of cumulus congestus, but
no thunderstorms, Soveral stations mdwcate dust i
Saspension east of the mverted trough which may be
teliated to convective activity 1n the region.

the 700-mb streamline analysis (1B-Yb) shows a
cvelonie center which identifies the Sudan fow. Note
that part of the castern periphery of this circulation
entends over the Red Sea. The mid-latitude trough 12
catends southward toward the Red Scaand appearsto
be moving in phase with the Sudan low. High pressure
cells (anticvelones) remain anchored to the cast over
Saudi Arabia and to the west over north Africa. fhe
2530-mb streambine sonalvsis (1B-9a) indicates that the
southern portion ot the trough T1 has remanmed quasi-
stationary oser nogth Africa. while the northern
portion has progressed slowly eastward. The new
trough T2 has moved castward to a position over the
central Mediterrancan. As suggested in the GOFES-
Indiun Oceun visible picture (1B-8a). the streambines
depict anticsclomie How over the Red Sea and Saudi
Atabia

The METEOSAL wvisible picture at 1225 GM1
(I1B-9¢) shows widely scattered convective activity
over the Red Sea and adjacent land areas. The
METFOSAT water vapor picture at 1355 GMT
(1B-9d) again shows the po.tion of the troughs Tland
F2 rather welll as well as the ridge RE over Saudi
Arabia. An extratropical mid- to upper-level vortex is
suggested by the water vapor data near the base of
trough T2 over the Balkans, The curved moisture band
VM-M near the northern portion of the trough Tl
suggests the presence of a vortieity center or cyclonic
vortex i that regron, and coincides with a cvelonic
center at the 250-mb level (1B-9a).

21 October

tn the GOES Indian Ocean visible picture acquired
At 0700 GMT (1B-10a). heavy cloudiness is depicted
over a broad area covering the central and northern
Rud Sca. and the northern half of Saudi Arabia. The
extratropical spiral cloud vortex noted previously
tEH-9d) over the Balkans is also now evident in the
sisthble  data near Crete. This  cloud  vortex
contiguratton  ndicates an upper-level  trough
extending trom the vortex southward over Africa, and
sugpe -ty that there s a tlow which turns around the
Pase o the trough and over an upper-level ridge
indicated by the nearly solid cloud cover arch over
nocthern Saude Arabie Note that the mam cloud
dovelopment occurs abicad ei the trough and along the
westernt border ot the ndge

Fhe surtace streambne analvsis (1B-10by citers hitle
cordence s to why the heavy coudiness should be
occurning over the northern Red Sea and northern
Saudi Arabia. A high pressure celf tanticvelone) s
depicted over central Saudy Arabia: the nearest trough

1B-8

REPRIDUCED AT GOVFRNMENT FXPINSE

is over north Africa, well 1o the west, and extends
northwatd to the low over the Moditerrancan. Surface
reports over western and northern Saudi Arabia,
however, do show some shower and rain activity, with
broken to overcast skies as suggested by the satellite
picture.

The 700-mb streamline analysis (1B-11b), similarly,
is not helpful in providing a synoptic-scade circulation
pattern responsible for the development of the
cloudiness over the Red Sea and Saudi Arabia. Note,
however, that the low associated with the spiral cloud
vortex near Crete is well defined on the streamline
analysis. Light anticyctonic flow ty pifies the svnoptic
pattern over the Red Sea and Suudi Arvabia. The
250-mb streamline analysis (1B-11a4) shows the trough
T2:ridge R2 configuration implicd by the satellite
picture. Cloudiness is located downstream of the
trough T2 and just to the west of the ridge R2.

Since there is no indication of a low-level
disturbance to produce the cloudiness, it must be
concluded that the cloudiness is an upper-level effect
caused by divergence between the trough T2 and the
ridge R2. Moist tropical air is advected around the
wastern periphery of the low-level anticvelone over
Saudi Arabia. This combined with the upper-level
flow as shown in the METEOSAT water vapor data
provides a rich source of moisture for cloud
production over the northern Red Sea and Saudi
Arabia.

T'he METEOSAT visible picture at 1155 GMT
(I1B-11¢) clearly depicts the spiral cloud vortex near
Crete and the extensive convective activity over the
northern Arabian Peninsula. The METEOSAT water
vapor picture (1B-11d). depicts the trough T2 ridge
R2 pattern very clearly. It can be scen that the
brightest cloud forms. indicating deep convective
developments, are located between the trough and the
ridge.

continued on page 1 B-13
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Case 1 continued

Red Sea/ Persian Gulf
Autumn Transition

Thunderstorm Outbreaks Associated with an
Upper-level Divergence Pattern

Red Sea/ Northern Arabian Peninsula

19-21 October 1979
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15 October

' Lhe carly morning (0730 GM 1) GOES Indun
Occan visible picture ( 1B-2a) shows isolated patches ot
cloudimess over the central and southern Red Sea. To
b the southwest, carlv morning comvectine activity has
developed over the Sudan: however, it shows no
orpanized pattern at this time. The sarface streamline
analysts for 0600 GM'T (1B-2b) depicts penerally clear
conditions over the Red Scaand the northern Arabian
Peninsula. The main circulation feature over cast
Africa s the Sudan low. There as 4 porth south
clongated anticyelonic cireulation to the northwest ot
the Suduan low, weak anticyelonic flow over the
wouthwestern Arablan Peninsula, and an cast west
carented antievelonie circulation over the northern
Arabian Sea.

At upper levels, the 700-mb streamline analysis tor
£200 GMT (1B-3b) shows a nmud-latitude short-wave
tough T extending southward toward the Sudan,
wath a closed low circulation center LE over Fpypt.
tHich pressure cells (antievelones Al and A2) are
located upstream and downstream of the closed low.
At 250 mb (1B-3a). the streamline analysis shows a
will-defined short-wave trough T1 which eatends
tiom mid-latitudes to the southern border of the Red
Sea. Moderate wind speed divergence from the base of
the trough to the downstream ridge R11s observed at
tins timie. This is Eovorable for ancreased vertical
mattans at lower levels over the Sudan and southern
Red Sca.

o

The METEOSAT visible picture (1B-3¢) displays
tereased convective activity in advance ot the upper-
sevel trough T as evidenced by the sea breese clond
hue along the west coast of Saudi Araba and the
kright cluster ef convective clouds over the Sudan near
the base of the trough TI (for comparison, sce the
cathier satellite picture 1B-2a). Fhe corresponding
METEOSAT water vapor picture (1B-3d). showing
maosture at mid to upper levels, reveals a broad band
ot maisture M=M extending across Saudi Arabia in
advance of the trough T1; the downstream ridge R1is
alvo depicted by the curved moisture band near the
Persian Gult. The cvclonieally curved band in the
monture tield near the base of the trough T1 s the
focation of a vorticity maximum associated with the
T00-mb low LT over Fpvpt (see 1B-3b),

TV = U

17 October

Fhe GOES Indian Ocean visible picture acquired at
0700 GM T (1B-4a) ndicates that the convective
activity has continued to develop over the central and
~outhern Red Sca, and the Sudan region. The surlace
treatuline analvsis (18-4b) confirms this convectinve
activity wath teports of thunderstorms, rain, and
drizzle. The report of raised dust over the western
sudan s probably dee to the pusty wind conditions
assoctated with the thunderstorm activity in the arca.

The upper feved streamline analyses show that the

trough extending from the Sudan to the northern

; Arabian Peninsula is persisting: however, some of the
: circulation  teatures  hav changed. The 700-mb

IB-2
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Thundcrston e Outhreal s Assocated with an Upper-level Divergence Patiern
Red Seaf Northern Arabian Peninsula
October 1979

streamline analysis at 1200 GM | (1B-5b) indicates
that the trough T1 has progressed castward. whereas
the closed Jow circulation L1 is displaced to ihe
southeast, but remains over Egypt. Note that a new
trough T2 has moved into the region to the west of the
area of interest. At 250 mb (1B-5a). the trough T1 has
spiit: the northern portion has advinced to the east
and the southern portion has retrogressed from the
southern Red Sca to over the western Sudan, with a
corresponding retrogression of the ndge R1 to a
pusition over central Saudi Arabia. Speed divergence
aloft from the trough T1 to the ridge R1 continues over
the Red Sca so that conditions remain favorable for
deep convective developments in the region.

The METEOSAT visible picture at (125 GMT
(1B-5¢) shows numerous convective clusters covering
the area from the central Red Sea to the Sudan. Inthe
METEOSA'l water vapor picture at 1655 GMT
(1B-5d). the upper-level trough TV can be traced trom
its location near the Caspian Sca in the north to the
small vortex near Crete, and then southward across
Africa. The water vapor picture shows that the main
thunderstorm activity lies between the trough T1 over
Africa and the ridge R1 over Saudi Arabia.
Convective activity appears to be restricted to the area
along and immediately to the west of the ridge axis.
Trough T2is well defined in the water vapor picture, as
is the ridge hine R2. 1t s of interest to note that the
densest cloud  cover, suggesting deep  convective
developments, also lies between the trough T2 and the
ridge line R2.

continued on page 1B-7
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23 October

The GOSN dudian Ocean visible pictne at
D7 GM I 1) shows the vortex over the castam
Mediterrancan, just oft the coast of Lebanon,
Cloudiness over the Red Seacand Saadi Avabia has
Lugely dissipated with only a lew mdications ot nauinly
high clouds. The sartace sticamline analysis (1B-14b)
shows pronounced ndging across the noithern Red
Sea and Arabian Peninsuba between the high pressure
cells (anticyctones) over north At and the Persian
Gulf. The Sudan ow is ncar ats normal position for
this time of the vear. Notice that thereare no reports of
rain or showers i the repion.

On the 700-ub streamline analysis (1B-15b), high
pressure cells (antieyelones) are also depicted over
central Atrica and southern Saudi Arabia with nidging
across  the Red Sea. The cvelonie  circulation
associated with the low near Lebanon absoextends asa
trough entering the northern Red Sca. but does not
extend further south. The 250-mb streamline analysis
{18-15a). tor the first time 1a this series, does not have
a deep trough extending into Africa. Lhe Hlow across
the Red Sea and Saudi Arabia is westerly, turning
shighthy antievclomeally. Trough T2, associated with
the low near Lebanon, is well to the north so that there
i not the typieal trough ridge pattern observed
previously over this region during the deep convective
developments.

The METEOSAT water vapor picture (1B-15d)
shows the vortex near Lebanon. The moisture pattera
indicates  the trough T3 associated with  this
disturbance does not extend very far to the south.
Compare this picture with the previous water vapor
picture (18-15¢). in which the moisture patterns depict
a definite southward extension of the trough T2 from
the vortex. In the water vapor picture (1B-15d).
anticsclonic flow s indicated just to the south of the
vortex. The water vapor picture also shows that the

next southward trough extension is located well to the
east over vastern Saudi Arabia and the Persian Gulf,

REPLODIICED n0 (A OVERNMENT 7 XPENST

2. Under the above conditions

lmportant Conclusions
L Deep convective developmonts over the northern
Red Sea and Sauts Arabu duding the penod ot
the autumn transibon can be anticipated under
the following conditions
a. Generally Jower pressare over cast
Africa in the form of an wveted trough
b. Higher pressure over Saudy Arabia
¢. An upper-level trough that extends
from the Mediterrancan southward over
cast Africa.
d. Anupper-level ridge over Saudi Arabia.

deep convective
developments (thunderstorms) can be expected in
the region between the upper leveltrough and just
to the west of the ridge line

3. In the absence of a low-level disturbance,
thunderstorm activity 15 not hhely to occur over
the Red Sca Saudi Arabian region during the
period of the autumn transition when upper-air
flow is straight westerly and unperturbed.

4. METEOSAT water vapor pictures, or those from

other satellites providing sinular information, are
useful for locating upper-level troughs and ridge
lines. This information can be used to locate the
most probable area for convective development,
overcast skies, and generally disturbed weather
conditions.
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Case 5

Critical temperature graphs have been
computed by Appleman (1953) for relative
humidities with respect to water of 0, 60, 90,
and 100 percent. for temperatures down to
-80° (. and for ratios of entrainment of
epvironmental to exhaust gas from S8:1 to
7000:1. From these graphs one can determine
the point at which contraily will form and
dissipate. If it is desired to know only whether
or not a visible contrail will form, a much
simpler graph (1C-47a) can be used. This
graph can be replotted on a Skew T, Log P
Miagram for making contrail torecasts,

To use the graph to evaluate potential
contrail formation on a Skew T, log P
Diagram, the trace of the temperature curve
on the diagram is related to the “ves™.
“possible™, or “no” sectors of the graph. That
portion of the temperature curve in the “yes”
sector indicates that contrails will form; in the
“no" sector. contrails will not form: and in the
“possible™ sector, formation will be deter-
mined by the relative humidity it the selected
temperature vs. pressure level A manual
(AWS, 1960) is available for detiniled guidance
on contrail forecasting for jet nircratt,

References )

Air Weather Service, 1960: Forcensting of air-
craft condensation triils Air Weather
Service Manual AWSM 105100 (Navy
NAVAIR 50-1P-6), Air Weather Service,
Scott AEB, Hlinos, 21 pp

Appleman, H., 1953 The lonmation of
exhaust condensation teails by et ancradt
Mell AMS, M 140D

Red Sea/ Persian Gulf—
Winter

Jet Aircraft Generated Condensation Trails

A condensation trail (contrail) is a cloud-like streamer observed to
form behind an aircraft flying in clear, cold, humid air (Huschke. 1959).
Contrails form when the water vapor exhaust from the aircraft engine
overbalances the heat added and brings the mixture of ambient air and
exhaust to saturation. The relative humidity in the trail is dependent on
the amount of heat and water added by the exhaust, the ratio of entrained
environmental air to exhaust gas, and the initial pressure, temperature,
and relative humidity of the environment.

Persistent contrails are often observed in satellite imagery. They are
readily distinguished from clouds in visible imagery because they occur
as thin, straight line segments, often in criss-cross formations where
several aircraft have recently passed across the same area. Contrails are
also observed in infrared imagery, where they appear as distinct white-
tone (cold temperature) line segments. Sometimes contrails in visible
imagery may degenerate to an anomalous gray shade, or not be apparent
at all, but still be detectable in the infrared (sce NTAG Vol. 1, Sec. 2B,
Case 19).

Reference ) ] i
Huschke, R. E. (Ed.). 1959 Glossary of Metcorology. American Meteorological Society.,
Boston, 638 pp.
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Pormation and Dosapation of a Contrail

Pervwan Gulf
January 1980

11 January

The DMSE visthle prctiie at 044) GM 1 (1C-484)
shows two lincar anomalous cloud lines over the
Perstan Gult. A close inspection of the cloud lines
(1C-49a) identifies them as contratls, The northern
cloud hine extends over more thaw halt the length of the
Persian Gult and displavs an abrupt change in
direction. Thisis atypical of clouds observed in the free
atmosphere, The southern cloud line displays a
shadow on the tertimn below. The distance of the
shadow from the Joud fine at this tune of the day is
tpical of that frequently observed ot a cirrus clovd
deck or cumufonimbus cirrus debiis (Cirrus spissatus)
shadows in visible pictures, so that this cloud line s at
high alttudes. These facts and @ comparison of the
locatton ot the cloud lines and the high attitude jet
youtes over the arca (1C-49b) show that they are
definitely contrails.

I'he upper-air soundings tor Dhahian, located on
the western side ot the Perstan Gult, tor 0000 GMT
(1C-50a) and 1200 GMT (1C-51a) can be analyzed for
additional contirmation of the fonmation of contrails
over the region. The contrail formation probability
lines have been plotied on the diagrams., inaccordance
with the procedures described in the AWSM 105-100
pubhication (see reference, page 1C-47). On the 0000
GM 1 sounding (1C-50a), the temperature trace
between about 235 mb and 188 mb. and ubove about
162 mb lies in the “ves™ sector. This indicates that
contrails will be formed by a jet aircraft flyingat those
levels. On the sounding at 1200 GMT (1C-51a),
contrails would be expected at all levels above about
233 mb

Lo determine the likelihood of contrail formation at
levels where the temperature curve lalls within the
“possible”™ sector, the refative humidity values are
required. The line on the Skew T Log P Diagram
separating the "ves™ and “possible™ sectors represents
the 0y ambient relative humidity (RH), and the line
separating the “possible™ and “no” sectors represents
the 1000 ambient relative humidity. These RH values
are the minimum ambient RH required at a particular
pressure temperature level for contrails to torm,
Uang Appleman’s technique (see reference. page
1C-471. the “possible™ sector can be lincarly scaled by
the 6047 and 907 RH lines. The procedure is then to
calculate the RH trom the plotted temperature and
dew pornt values ata given pressure leveland compare
the RH obtained to the RH seale in the possible sector.
it the calculated RH is greater than the scale RH tor
that level, contratl formation can be expected.

The DMSP visible picture at 0610 GM 1 (1€ -53b)
shows a tamt. hacar clowd feature along the castern
shore ot the Persian Gulf, which extends 1o the north-
woest and becomes indiscernable over the land. The
contral observed earlier has almost dissipated. 1 his
ume frame of dissipation of less than 1S hours s
typmical of contrands. The NMC 230-mb analyvses tor
DD GM T OC-520 and 1200 GM T O1C-S2byindweate
that the displacement of about 60 nom of the contral
between the suceessive  pictures s nreasonabie
agreement with the upper-level winds over the repien

1C-48

Important Conclusions

Contrails appear in satellite nnagery as distinet
lincar cloud lines.

Fraluation  of  upper-air  soundings, using
standard contrail formation procedures, can
provide guidance on contrail formation. This
information can be used to define potential areas
on satellite imagery where contrails are most
likely to be observed.
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Red Sea/ Persian Gulf—
Spring Transition

Desert Front

During winter and early spring, the polar front, referred to in the
literature (NEPREF, 1980) as the desert front, is located over the northern
Red Sea region. The desert front is frequently semi-stationary over this
region during blocking periods over Western Europe. During such
situations, meridional lows to the west and cast of the block also tend to
remain stationary. Under these conditions, the desert front may be
strengthened periodically, as northerly flow around the low over the
Balkans on the east side of the block directs surges of polar air southward
into north Africa and the Middle East.

An intensification of the Balkan low or a movement of the low
eastward can renult in the desert front being pushed southward across the
Red Sea, Arabian Peninsula, and the Persian Gulf region. Since merged
polar and subtropical jet-force winds are often found through a deep
layer on the southern portion of the polar low and in the baroclinic zone
above the desert front, severe duststorm conditions may be spawned by
terrain-induced turbulence produced by the jet-force winds coupling
with the fow-level polar surge flow.

Reference

NEPRE ., 1980 Weather in the Indian Ocean to atitude 30° S and 1 ongitude 95° E
including the Red Sea and Persian Gult. Vol 2, Pan | NAVENVPREDRSCHFAC
Technicat Rullettn 80-02. Naval Environmental Prediction Research Facility.
Monterey, Calif | 83 pp.
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The NMO sutbace anabvses for T200 G (D Tk
shows contaiaed aoctbeddy Haw an the castan
Muediterrapcan arodad the westade of the sarface low
L1 ooaver tathey, winch hos etined essentially
staticnany and  has intensthed shghtly ftom the
previcas day. In the Toacl, 1 ebanon, Jordan, Sytia
repion, northwesterle How ot 1015 ks reported,
with ~overal stations mebcatiog suspeaded dust and
haze e the ateas Lhe contespondimy, NMO surtace
sttcambiee analysis (FD-10b) toveads suspended dust
down to the northern ropron ol the Persian Gult, wath
e sittons repodting: cbsourad o saes (dosty
Frestenmy northerdy How s adoo shawn west of the
Red Scin with sumcerous repocbs of suspended dust,
An antevddonic center s sal andicated onver Arabug,
ust s ost ot the northero porton of the Pesian Gult A
couple o stations qust north ot this center are
indicating hight southeasterhy ilow, impiviag that the
desert tront s sull to the aorth of this atca

Fhe time section tor Bewnat, Tehanon (HD-110)
provules evidence of the desort one apparently
passing this location. Passape ol the tiant s supzested
at Borrat between 1260 GNE LY May and 0000 GM T
14 Mav, Passage ot Damascus, Syoas as imdicated in
the time section tor this statton (ID-Fd) oceurred
approaximately 24 hour later.

Ihe NMO 850-mb anaivsis (1D 1) continues 1o
show a low pressure conter Toover the Balkau revion
with i high pressare cellover Saudi Niabias A packing
ot the sotherms over the Sina Perinsala, and to the
northeast and southwest ot this regron s sudlapparent,
Air corculating around the base of the Balkan tow then
turns anticvclomealls o the Persan Galt. The
nature of the anticvelome areulation over Saudi
Arabra s revealed onthe MONENX 700 b tow hield
(1D 11h) which shows strong winds entenng the area
from the castern Moediterrancan and turning
anticvclonteally into the Peraan Gull

AL 300 mb (1D-12a4), a ot streak with winds over
100 Kkt v shown passing just north ot the Sinai
Penmsula. Conditions are favorabke for duststorm
generation by turbulent transter of winds from upper
fevels to lower level.

The MUTEOSAT visible picture (11-12by reveals
that the cloud band assouiated with the desert front
his moved southward. and extends trom the southern
Stna Peninsula, across Saudi Arabia into northern
trag The front hus brokenup considerablv imterms of
total Cloudiness. and not much  weather  of
conseygudnee s apparent an the visthle picture over
nosthern Saudr Arabhia. Howevero the corresponding
METEOSA D ntrared pictare (H D reveals cooler
tengeratures extendiie av a bade chieet ammound the
vivibie Cead terms Thosc conler tetperatures tethedt
therresonce of ransed destin the troetal tegton, Note
cear e TR data dves pet osup et sach coud
ten potatures over Pavpt ond Suda where dust was
absoreparied an the surlacs <bsercatiens (1D-100)
Fhis indicar e that the dust o those areas was not
widospread. or developed s that asseaated wath the

doseit hront,

Corrcletng the imtrared MEPEOSA T datawath the
Damascus time sectton (i D-1T1d) shows that the winds

11-10

at Jower levels have incrcased mspeed prior to frontal
passige (F May alier 1200 GM D due o transter o)
momentum from aloft,

The MEFIEOSAT water vapor data picture
(1D-13b) reveals the broad westerly flow assocrated
with the ST dehneated by the dark (dry) sloton the
northern edge of the STH and the region of
convergence of this teature with the PJS, The position
of the dry slot is shown o the 300-mb analysic
CED-120) which also shows the et stream converpence
i that regron.

T4 Mav conunued on page 1514
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Red Sca, Persian Gulf
Duststorms Generated by the Desert Front Spring Transuion  Cuse |
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1D-9a. FNOC PE Initial 500-mb Analysis. 0000 GMT 13 May 1979.
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1D-8a. FNOC PF Initial Surface Analysis. 0000 GMT 13 May 1979.
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Red Sea: Persian Gulf
850 mb Duststorms Generated by the Desert Front Sprmg Transizion Cue ]
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1D-3a. AMONEX KS0-cub Analtysis. 1200 GMT 13 May 1979,
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Dyieseionms Generated by the Desert Frontg
Arabian Peninsufa
May 1979

13 M

The NMO surlace analysis tor (200 GNL (FD-3b)
strows o Large high prossace cott over Westera Burope,
orented trom the notthoast 1o the southwest, On the
castsiae ot the highs nerthaly winds flow southward
acooss the Mediterratcan into uonth Aftnca. Under
s How patterns the dewait front should be located
neecen the northera neat equatariad toouph (NET)
a el the north Arican coasthing

Phe S20-mboanalysic o wectal e locating the
pretion of the desert treit, wince the mperature
cotteastacross the tront s preator at leveds whove the

Stace The NMO S580-mb analvas (1D -2hy shows a
~owon ef packed inethereas over the S Peninsula,
cnd to the northeast and southwest of the penmsula.
he analysis also shows o closed jow LLoover the
frathans, and o high prossure cnculaton over the
Sahian Penmsubie The desarttron hes between these
wo dirculation deatures, e the regon where the
caniparatire gradients the strongest. Note that winds
<EdD 60 Kt are observed along the base ol the Balkan
fow. indwcating the potential tor tou-lovel turbalence
and duststorm generavtion The MONE X 850-mb flow
teld (11-3i) ~hows in betier actanl the antievelonic
Gictiation over the northarn Nabun Povnsala, with
Adtow o moderadely strene ner b by wands o the
Persian Gultl

On the NMO 00-mb avalvas (1D-2a). o merger of
e polaret (PIS) aned the nubtropicul j)et IS Ty occurs
near the Smar Peminsulas The winds  diverge
downstream with one branch turning southward
durons the Persian Gull and the other Branch turning
torthvard around the Balkan low. Suchastrong wind
configuration poses a strong potential for duststorm
Jdesvelopment over the Syrian deseri. with advection of
the dust southward over brag. Trang and the Persian
Ll

The METEOSAT sivble picture at 1155 GMT
o bedin reveals cloud bands A1-A1 which define the
sl sortes associated soath the Balkan low and the
cune portion o the dosert ront over the Sinai
Forisata Subtropical ot secam enrus is observed
oo ot the desert front oves central Africa. This

onte s emiphasiecd e the simultaneous
PSS AT mbrarad pictute (1D-4b), which
ot aeld cinas temperatures . and
S stweeswahe veclient contrast against

AN T |

Phos N war o aper micture (H-Shy
tooculatien AB-AL
« v eanert e farothe northern
oo s ond the desert
o tothe nopth

g h\ the di R

too e subhardence

0 s oon the 3i-nh

St e eche

A b SEHE Saen
i ettt

e .. ™ S Db GRS . e BN SNBthar. Wed el YNNR e jnangy- “erh
. C e e

I'he GOES Indian Occan vistble picture for 0730
GMD (1D-5a) provides a view ot the desert tontald
cloud system, The pictare confitas that thee s no
farge-scale duststorm over the Red Sea or Persian
Gulf. These pictures cannot be rehed upon, however,
to detect smaller scale dust adroction becatse the
resolntion v inadequate to deteat such small scale
features.

The higher resolution DMSE viable prcture at 0243
GM T (ID-6a)y. however. shows pray shades i the
Persian Gult which suggest dust in suspension. Note
the clarity ot the Zagros Mountains, as opposed to the
surrounding regions. Fhe claniy results from the fact
that most of the higher clevations of the mountains are
well above the dust and aerosol debris. The DMSP
infrared picture (1D-7a) shows cool arcas (nicdium
grav shades) over the Perstin Geltosome of which may
be attnbutuble to Jong wave radiation from dust in the
atmosphere. However, the tact that ke Persian Guif
land boundaries are not obscured by this effect
indicates that the dust at this time is not heavy or
intense in character. Some sea surface temperature
effeets appear to be revealed in this picture: in
particular, an eppacent upwelling of cald water aleng
the southern coast of Iran and Pakistan. extending
castward from the Gull of Oman

The FNOC 26-hr surface prognosis (1D-8b), bused
on the imtial surface analysis (1D-8a), indicates that
the low pressure is retained over the Balkan region,
and that pressure will fall over the Sinai Peninsula and
the northern Red Sea. A wedge of high pressure is
shown building over the Persian Gulf region. The
ENOC 36-hr 500-mb prognosis (1D-9b). based on the
initial analvsis (1D-9a), similarly, retains an almost
stationary and slightly deceper low over the Balkans,
with somewhat lower height contours extending over
Saudi Arabia. A ridge extends northward irom lrag to
the northern Caspian Sca. The flow patiern is such
that any dust rased over the Syrian desert reaching
this upper-level low would be advected southeastward
toward the Persian Gulf. The prognosis charts suggest
some slight southward movement of the desert {ront
into Svria, where duststorm conditions could b
anticipated. A vigorous movement of the front intu
Saudi Arabia, however, appears unlikely

contteed on pave $ 1o
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Fhe NMO saface analysis at 1200 GME (TD-18a)
inhcates that the fow pressure center LT has moved
castwitid 1o the castern portion of the Caspuan Sea.
Neothedo pakar flow continues 1o be directed
soathward wound this center and in the region
between ti center and the high pressure cells to the
woest The NMO surfuce streamline analysis (1D-18b)
<hows o ovclonic center L north of the Persian Gulf
ceer southern [rag with abundant teports of dust in
that repion Northerly winds are seen to extend to the
' southormn Kad Sca region and then wirn eyelomcally
wround @ trough which crosses Saudt Arabia from the
southwest 1o the northeast.

A »S0 mb (ID-19a), o packing of isotherms
continues to be shown in the northern Red Sea region,
A trough 11 extends from a fow west of the Caspian
Sea to the central portion of the Red Sca. The
MONEN 850-mb flow ficld (11)-19b), shows the
extemsion of westerly mud-latitude flow into central
Saudi Arabia, as compared to 1D-3a when the desert
{ront was sull well to the north,

I'he 300-mb analysis (11-204) continues to show
strong jet-foree westerly winds crossing north of the
Sinat Peminsula and turning anticyclonteally into the
Persian Gulf.

'he METFOSAT visible picture at 1155 GM'T
(1D-20b). reveals a hazy streak (dust) extending across
Saudi Arabiainto southern lrag, a few degrees south
ot the dloud band position shown in the visible picture
on the previous day (1D-12b). The METEOSAT
intrared picture (1D-21a). shows cooler temperatures
over the region from the eastern Mediterranean into
aorthern Saudi Arabia, and particularly over the
regon ot southern Irag. Cirrus plumes associated with
the ST are seen turning anticvclonically over north
Atnica.

These plumes and  associated mid-tropospheric
water vapor are shown in the METEOSAT water
vipor picture (10)-21b). Again the arca of the merger
~t the PJS and ST is shown by the dry (dark) slet on
the rorth side of the ST cirrus, The darkest region in
the western portion of the image coincides with the
regton where contluence of the tespective jet streams is
ot pronounced. as shown in the 300-mb analysis
CEE-200.

he DMSP visible picture (10)-22a). approximately
tour hours prior to the METEOSAT imagery, also
reveals the dust plume extending across Saudi Arabia
oo southern lrag. The surface  reports  and
strearilines superimposed on the DMSP image
C11-23a) clearly reveal the low over southern lrag.
where the Fuphrates River and nearby lakes are seen
(o he obscured by the dust plume. The trough
asodiated with the southward movement of the desert
itont is alvo clearly defined extending from southern
F-ag into the Fokar Gap region of Sudan. Note the
tepieally streng northerly winds 11 the northern Red
sca toliowing the desert front, giving rise to localized
Just production in adjacent arcas.

The corresponding DMSP infrared  picture
CHD-23b1 demonstrates the important capability of
detecting the denser portion of the dust plume over

1D-18

southern Irag which could seriously affect land and an
operations in that arca. Contirmation ol strong winds
e this region are shown by wave clouds inand near the
dust plume.

Important Conclusions

I Satelhite data correlated with - conventional
surfice and upper-ain observations ate required to
detect the movement of the desert front and the
region and  extent of duststorm production,
Numerical prognoses and conventional anafyses
in themselves do not provide the required
accuracy or information content necessary to
resolve and predict such occurrences.

2. Water vapor imagery provides useful information
on jet stream location. Confluence of the PIS with
the STJ can be detected as adry (dark tone) slotin
waler vapor imagery.

3. GOFS imagery and imagery from other
geostationary  satellite  systems of similar
tesolution are inadequate in terms of resolving
light suspended dust in the aumosphere, readily
dctected by higher resolution systems such as
DMSP,

4. Heavy or intense dust in the atmosphere is
detectable as a cool or cold area in DMSP
infrared data which will result in the obscurement
of land-sca boundaries. Light dust in suspension is
detectable  but  does not  obscure land-sea
boundarices.

5. Time sections for Beirut, {ebanon. and
Damascus, Syria, based on RAOB data, are
usetul to maintain tor detection of movement of
the descrt front past those locations and for
evidence of strong winds at low clevations that
could create severe duststorm conditions capable
of affecting operations in the region over and
surrounding the Persian Gulf.

6. Dust in the atmosphere over mountain ranges
results in subdued contrast in satellite visible
imagery thereby providing a means to detect such
an cffect when compared to carlier-obtained clear
sky views.

7. Strong northerly winds should be anticipated in

the Red Sca and Persian Gulf following a
southward movement of the desert front through
that region,
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Red Sea/ Persian Gulf—
Spring Transition

Detection of the Descending Offshore Branch
in a Sea Breeze Circulation

The sea breeze circulation has a descending offshore branch which can
be quite strong at low latitudes, where pressure gradients ure generally
weak and solar insolation very high. As an example, it has been noted in
the Netherlands East Indies that pilot balloons blown out to sea in the
upper return current of the sea breeze circulation have been observed
returning to the coast at sea level in the low-level onshore flow (Kimble
and Collaborators, 1946). The implication is that subsidence oftshore
was sufficient to overcome the free lift of the balloons.

The effect of the subsidence is to warm the air and stabilize the lapse
rate in the descending branch of the sca breeze circulation. Moist haze
droplets arc cvaporated or reduced in size by the warming of the air, At
the same time, the wiable fapse rate impedes the downward transfer of
wind momentum to the sea surface so that a profound calming intluence
is maintained in the subsidence region.

The effects of the subsidence are often detected in satellite visible
imagery in one of three distinct patterns: (13 An offshore cloud line may
appear where the subsiding branch of the sea breese circulation
converges with the prevailing onshore flow: (2) When a uniform
anomalous gray shade arca is observed otishore, a clear channel may be
produced along the coast under the subsiding branch of the scu breesze
circulation where moist haze droplets composing the gray shade have
been evaporated: and (3) Sunglint effecis mav be observed adiacent to the
coastline. When the coastline is near the primary specular point, brilliant
sunglint will be observed, and sometimes o black strip will also be
observed as part of the sunglint pattern. Both of these occurrences - the
brilliant sunglint und the black strips  indicate a calm sea state (NTAG
Vol. 1, Sec 2A).
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Hie Use of Sunshot in Deecting Calime Sea Condvtions in a Sea Breese Cirewdainon
Red Sca
Muav 194

21 May
Lhe topography on the cast coast of the Red Sca,
faving the Al Hijaz mountain ange, is ideal for the - 4
tormation of strong land and sca breeses. The NMC o
surbace stranmline analysis tor 06000 GMT (V00 TS T, -":
1D-260r toveals ondy light and vanable winds over the X
central Red Sca region, but by 1200 GM 1 (1500 LST, <]
11-26d) every wind reportin the coustal Red Sea arca “vd
adicates onstore flow, with speeds up to 20 ki, N
suggesting that a strong sea breese has developed. -
- . . 4
t 1 At 700 mb (1D-26a). southerly How through the _'
3 ¢ central Red Sea region curves anticyelonically around '_1
3 1 4 high prossure (anticyelone) centered over southern n
- E Saudi Arabia. Near the surface, light northwest winds .
é at Jidda (1D-26b) indicate the cxistence ol the sea -4
4 hreese within the overall southerly synoptic tflow. A 4
- A iow-level inversion s also apparent based on this ;
¥ E sounding
4 L 3 ‘-
- ] The DAISP viseble picturcat 0516 GMT(T16 ST, ]
11)-27a0 shows the central Red Scato be cloud-{ree, as - d
- l sugpested by the fow humiditics in the Jidda sounding. 4
A There is, however, an elongated bripht area along the
: . Srabian coust. The question might be asked if this f
;z Sriehi area cortd by due to a localized thunderstorm 2y
3 Fis s procluded, howeser. because the DMSP !
3 s rared pcture (10D-27b) shows 1o cold spot in the y
3 aredet s uauseadiy bright regaon, The effectis due to j
] sunpit ol the calm seas. Although wands are
1 cencidlly lishCand varable m the regron, the added
: Sloct o the stabilizing intiuence exerted by the
strthadirs branch  of  the sca bicesze circutation
arcdnees abaolote calm and hence the bothant sun-

ehnt paticrin

Ry el

Important Conclusions

1o Regioas of subsidence effshore associated with
the subaading branch ot the sea hreesze cireulation
produce istable lapse rate at low levels which can
result mocalm seas and brilliant sunglint patterns
ctishore

2 The tavtical torecaster can use intormation of this
tvpe an several wass, including:

a4 The ability to locate regions in his area
cubpocr to stong fand and sea breese
thicnce
b Acoount tor sariations in localized
coastal sei state conditions,
< Iotor low-level wind direction in the
absence of svioptic reports.
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Case 3

Red Sea/ Persian Gulf—
Spring Transition

Land Breeze Detection in Infrared Imagery

The land breeze forms during evening hours as a result of differential
cooling between the land and the sea. The temperature of the land drops
very rapidly after sunset. whereas the sea surface temperature drops very
slowly. As an example, under ideal radiation conditions with a clear sky
in a relatively dry atmosphere, land surfaces may cool as much as
20°-30° F during the night, whereas the sea surface temperature during
the same period rarely drops more than 0.5 1° F, The density difference
between the air over the land and that over the sea results in a pressure
gradient force directing the movement of the air to the sea, creating the
land breeze. The strength of the land breeze is normaliy not as intense as
that of the sea breeze. However, in coastal mountainous areas, cold air
draining down the mountain side acquires a fall velocity which can
reinforce the land breeze, creating strong, gusty conditions. The land
breezc advance over the sea requires compensating subsidence onshore
and rising motion over the sea at the seaward cdge of the land breeze.
which forms a closed cellular-type circulation similar to that of the sea
breeze circulation, but reversed in direction.

Satellite evidence of land breeze effects. as deseribed in the literature,
has been chiefly concernied with a discussion of the offshore cloud line
observed in visible and infrared imagery. parallelling the coastline. This
cloud line results from speed convergence and upward vertical motion at
the seaward limit of the land breese. under tuvorable circumstances.
However., due to DMSP infrared sensor water vapor absorption
characteristics, these data can provide details which can be used to
identify the presence of a land breese circulation.
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Land Breeze

Red Sea

Mayv 1979

21 May

The DMSE visible picture at 0325 GM I (1D-30a)
wins acquired approzunately one how alter sunree.
Sunghnt is obsenved eatending aloag the castern
pertion of the image  the normal location of sunglint
tean catly mornmg DMSP pass. ‘The Red Sca,
theretore, i well removad from the suaghnt area. The
satetlite picture shows the ridge line of the Al Hijay
Mountains along the castern shore of the Red Sea,
between 187 N and 2000 N, in the repion where the
tertain rises Very steeply from sea level, Some of the
mountains in this range have peaks close to 10,000 {t:
the  average  clevation of the prominent ridge
parallelhng the coastiine is about 5,000 ft (11>-31d).

The satellite picture also shows subtropical jet
sticam cirrus over the northern Red Sca. With this
cloud pattern it 1 common to have a el of bigh
pressure to the south over southern Saudi Arabia. The
NMC 300-mb analvsis for 0000 GM T (1D-31b) shows
the subtropical jet stream over the northern Red Sea,
and it high pressure ¢ebt over the southern Arabian
Peminsula. The corresponding NMC surtace stream-
line analtysis (1D-31¢) shows very light winds and clear
kv conditions over the southern Arabian Pennsula,
in agreement with the satelhite evidence.

The nearest radiosonde station on the casiern Red
Scashore s idda, near 210 N30 T The sounding at
this statton tor 0000 GMT (1D-31¢) reveals calm
surface winds and a surtace-based inversion, as the
arid Jund  was cooled  through adeal  radition
condittons Jduring the nighttime hours, One might
aaticipate that under such circumstances a strong land
hreese should develop, particularly along the shore
tecing the AL Hijaz Mountains, Yet Intle evidence of
cich an attect can be obtained from the DMSP visible
prcture. or the weather analyses.

The DMSP intrared  picture tor 0325 GMI
t1D-a) however, which s especially enhanced to
provide information on variations 1 temperature at
the warm end of the enhancement scale. gives strong
evidence that a lund breese circulation has been
established atong the cast coast of the Red Sea
hetween latitudes 167 N and 200 N, In this region a
warm (black-tonedy arca extending tromroughly 40 to
7O otishore s clearly evident. Over most of the
Red Sea cooler temperatures with a shightly mottled
appeatance are observed. Water vapor absorption had
astiengettect on themtrared signaltor DMSP space-
cratt, particulariy tor those of the Block 5-1) series
(F-10B-20and B-3 which had spectral bandwidths
Svtendie from N to ] Yoerometers (see NTAG Vol 2
Sec 3N Case )

Fnomaont tropreal or scnatromeat e masses, the
problem was o severe that ocean thermal features
could rarely beseen Inthisb-3exampl. such features
appear to be completely blocked, and the variations of
detard over the open occan can be attributed to changes
i the concentratton and temiperature of the water
vapor an the atmosphere rather than sea surface
femperature changes

11)-30

Why, then, should i fand breeze. where cooler air s
blowing from the fund to the sei, produce a warm
temperature reading? The answer to this question
appears to be that the land breeze ainis not only cooler
than the air over the Red Sea but also much drier. Pry
atr from aloft, which bas rolled down from the
mountain side has been introduced into the boundary
layer thereby reducing the total water vapor content
per unit volume. With less water vapor in the land
breesze region, atmospheric absorptive effects are
reduced and the infrared sensor records tnthfully the
warmer temperatures of the actual sea surface.
Conversely, in the surrounding region sea surface
temperatures are masked by the over-lying water
vapor which radiates at a much cooler temperature.
characteristic of the low and mid-troposphere.

Apparently the Al Hijaz mountain region is strongly
favored for the development of land breczes. An
almost identical example is observed on 6 June 1979,
in the DMSP (F-3) infrared picture at 0308 GMT
(0608 L.ST, tD-33a). Not only does the drying effeci ot
the land breeze appear south of Jidda but also in a
small region south of the Sinai Peninsula. The effect in
that region is due to cold dry air drainage from a
coastal mountain basin just south of the Sina
Peninsula (1D-31d). The converging ceffect of air
draining down from such a basin would favor
especially strong liand breeze conditions. The corre-
sponding DMSP visible picture (11)-32a) does not
provide any evidence of a land breeze circulation south
of the Sinai Peninsulu or in the southern portion of the
Red Sea due tosuspended dust and haze at lower levels
over the region.

Important Conclusions

. Enhanced infrared data acquired during early
morning hours over moist tropical regions are
uscful in determining  arcas exhibiting pro-
nounced land breese eftects,

I

Such regions. because of reduced  humidity,
should be anticipated to be regions of increased
low-{evel visibility, and will appear as a warm
region in infrared imagery (even though reduced
humidity is due to cold air dramage).

3. Concave coastal mountam basins or bay areas
encircled by mountains should have especially
pronounced land breese etfects

P A - at e
- R T e .
AP WL W WP Py TR DRI T SR TR [V SRR ISERE SRR




IR T TN S SRIC NP S S SO I RS I RS AL N

(NP i WP e o S Mt e A et e —r S A s s 20t S e etecans conn et e - " . o T T T ———1

REPRODUCEN AT COVI 1 NT EXPENSE
Ked Seal Persian Gulf
Land Biceze Sprnye Transition Case 3

SINAY r -ak
3
pr

A

A

T e BV DNMSPE S ow Frhancement, 0325 GM T 21 May 1970

Ay B R WV P U G Uy




i PODUCE D AL GOVERNN T Y CPENSE

SINAI ';’

>,

2
>
&

a2 g

e

T PSSO SN

ek add,

el ended ok,

[ 2 b S DMSP YR B Enhase o 0308 GMIL 6 Tune 1979

11)-32




AR R T B A B AP A R4 V1.V AV O B O LI O L

300 mb surface

£
< o
’ N K
R 7
. F R |
b
- [
v LY
{.\i., .
R [ ]
" -
s
“ d RN v -
/ .
‘ r
e N :
- .\{:( .
: v
« - I -
N ) (RS
N ;
B - A +
S .
o . = .
- AT belt
LN
A . e
f )
s
.. .
o

PRONVEL SR Ny e e (et ] T M ey, Py 310 NN ropiead Stataee Streamsitie Siaalvosis 0000 GNE 21T My 1979

A,

- . -~ R .

Lo

YT PH camaph o B e Red e e Gl Ti» 3 vy soandine 0000 GAYE T R 19T

Fiy-4

PR W S W e P - - » i Al S - S P o




SEGDUCED AT GOVELEIIMENT  OPENGSE

Red Soa o Gull
Spvine frasarion Case

PEDY YO S TN W W VA SR S AP S S Sl PAIE W SOt Wl Sodl Sl SO S-S, A0 Sl U




""" — v —— L Ao i ham Aese S Jes taes Sade em S Meett Sume Sadt BhSuothatt Sean Smeat | -
o Do e Co . :
4

TR o .

i
L <dGios

, Mauitains '
o ; g
. - )

Ty

P YT Y P

ARASIAN

PENING o

‘.

AETR IR IR AN &% R R A TS




)

PR L AT GOV ENMENT | XPINSE

Innststorms Genevated by the Summer Shamal
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Red Seal Persian Gulf

Sununer Case S

1E-51a. Average low-level wind
profile for Bahram
After Membery, 1983

1E-S1b. Example of low-level
wind profile during

shamal event.

After Membery, 1983,

1E-S e Pow-level wind profile
during strongest shamal

on recond.

After Membery . 1983
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Lhe Julv mcan monthly anflow at 850 mb (1:-50a) shows a speed
waxtmu over the extreme northwestern Persiun Gult. Grant (1982)
points out that the core of the northwesterly flow slopes westward with
heipt tand s still evident in the mid-troposphere near Rivadh, some 240
miles to the west of the Persian Gulf (FE-50b).

At night, very stable conditions develop and little mixing occurs over
the Perstan Guli region, Maximum radiational cooling occurs over the
doesert under nighttime clear shy conditions. Inversions as strongas 9° C
pui SOOI have been reported over Bahrain (Membery, [983). These
conditions during the summer shamal are oceasionally related o the
development of a nocturnal Tow-level jet that can cause extreme wind
shear i the region from a few hundred feet down to the surface, as speeds
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1E-50a. Julv mean monthly airflow at 850 mb.
Afrer Grant, 1982,
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suddeniv decrease very rapdiy. the potential s an aireralt havzard
during the landing process is gieat, and it could also pose a problemifan
ancrztt ook oft downwind and suddenty encountered a strong tailwind
at low foveds

Developient of the nocturoal )t appears to be maximized about 41,
fours atter sunset at 267 N (Mciabery. 1983), This time period bas b :n
related to aninertial oscillation of the ageostrophic wind component of
the toi b wiad, with a period cqualto the inverse of the coriolis parameter
(whick is luritude dependent).

What appears to happen is that during the daylight hours strong
heating leads 1o turbulent mixing of the lower atmosphere, Sca breeve-
wduced wind MMow at lower levels 1s mixed with winds at higher levels
which are more geostrophic. Ihis results imtially in a resultant wind
slower thaa would have occurred without mixing. At sunset, turbulence
and nuxing ceases. The sca breeze or ageostrophic component of the
rerultant wind begins to turn clockwise at upper levels inan inertial oscil-
latton due to the coriolis torce. Akout 4Y4 hours after sunset, at 26° N, the
original upper-level wind and the ageostrophic component become
abgned, aand a rapid acceleration of the wind speed occurs, which
produces the nocturnal jet. The mining eftect has been caleulated to
produce o wind as much as 800 stronger than otherwise would have
occutied (Pacgle and Rasch, 1973).

Membory (1983) shows an average low-level wind profile (1E-51a) for
Bahriin determined from 12 icports from wide-bodied jets equipped
with Incitial Navigation Systems (INS) during sigrificant shamal
outhrcaks  Sinular profiles (1E-51b) during shamal events when a
mark.d low-level inversion existed (-7° C between the surface and a
level wt or below 1.000 fo) show that a drop-oft in speed both above and
below the et core is much more rapid in those instaiices when a marked
tempoeratute mvension s present. The height of the jet maximum also
drops appreciably from over 1.000 ft under non-inversion dominated
situztions co as low as 600 or 700 {t, shghtly above the top of the
noctinnal inversion. The wind shear below the core is on the order of 6 kt
per Totite well above the 15 kt per 1000 ft used in the classification of
sovere cleor air turbulence by Navy torecasters (AGT & C, 1974),

The devetopment of the nighttime inversion is the hey element tn the
fermanon of the nocturnal low-level jet. However, the temperatare and
wind provtos (TE-51) tor the strongest shamal case on record (11 June

B "'-‘f. K

R
1WS2 does not show a stroag immversion, The wind profile in this case R
show e ios-level mastmum near FO0O ft. rather than near 600 11 as -
previonsiy cdeseribed (HE-SThy and a lack of strong shear above that
icvel i he trae nocturnad (s not oceurring in this case, » ‘
RN
»
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Red Sea/ Persian Gulf—
Summer

Summer Shamal over the Persian Gulf

From late May through mid-July persistent, moderately strong low-
level northwesterlv winds are observed over the northern and western
Persian Gulf region. Locally this wind phenomenon is known as the
40-day shamal and is essentially a part of the southwest monsoon
circulation. It results from the Persian Gulf region being under the
influence of the thermal low that forms each spring over Pakistan and
Afghanistan. The northerly flow over the western Persian Gulf is
enhanced by a lee trough to the west of the Zagros Mountains, which
border on the eastern Persian Gulf. The combination of a semi-
permanent high pressure cell over northern Saudi Arabia, the thermal
low, lee trough, and topographic features of the area tend toenhance the
northerly flow below 5,000 ft.

The summer shamal is - n strong during the daytime, but typically
decreases at night over land  »cal duststorms tend to develop daily over
southern lrag and Kuwait & i diminish during the night. This 1s related
to the typical unstable desert region conditions associated with the strong
daytime heating which leads to a thoroughly mixed lower atmosphere.
The summer shamal is basically acloud-free teature. T here is no flow of
cold air over the Persian Gulf. as in the winter shamal: theretore no low-
level clouds are fikely to form. The existence of low-level dust plumes
over southern frag and Kuwait, however, would be an mdicator of an
active summer shamal,
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i Tohar Gapr Duststorms
X Sowthern Red Sea
June 1979

13 June

Lhe DMISE vkl prcnge oo GRGATE T o)
an carlv morning pass (0E30 TSPy over the Red e
Segton, Dense dust cevers the sarathern hatt of the Red
Soacihe AL HG nevuatnn sanee adong: the castern
coast tises steeph fromy the shorvdhne aed o the b b
Cirevattonsas an etoctive basricn to the advance otdet
vastward over the Avabian Peorm vie The agped
westarn boundary ol the dugher clesarons of the
3 morntan sange i~ barely discernbls e the visthle
¥ picture. However, i the DMSP dalared pioiare
(TF-430), the rdge e stands out o a2 cold, wavy
nartisaest southeast-oriented  line  separating e
warmer land along the coast froe hupher and colder
fand to the cast. 1he dark tones over the southern Ked
Sea andicaie that the dustis thinner over tais area as
f compared to the light-toned arca to the northwest. The

cold arca iy an etfect of fong-wave radianon from dust
cairied to mid-tropospheric levels and debris trom
comvective activity  along the castern shore. The
comvective activity is readily identified in the visible
picture (1E-42a), and the dense dust hand covers the
Tokar Gap region. Note the numerous convective
complexes that show shadews (dark areasyro the west,
awav trom the sun in this carly morning picture,
4

A streambine analysis based on the 0600 GMT
surtuce observations is superimposed on the DMSP
vistble picture at 0330 GM'T (1 E-44a) to show the tlow
field over the southern half of the Red Sea. Note that
nostherly winds are located over the northern portion
ot the Red Sea. and that southerly flow through the
tokar Gap turns anticyclonically <outhward over the
southern Red Sea. This flow pattern confines the dust
to the southern Red Sea and shows that southerly
winds are responsible for the dense dust band
emerging from the Tokar Gap. Numerous stations
report suspended dust or a desistorm in progress over
the Sudan.

19 June

Fhe DMSP visible pictare at 0351 GM T ({1 E-45a)
shows that dust in suspension covers the southern Red
Sea to a much lesser degree on this day. The Tokar
Gap s clearly discernible in this picture. Note how
clearly the Al Hijas monntam range appears along the
castern coastline of the northern half of the Red Sea.
I'he streamline analysis superimposed on the DMSP
vinible picture at 0351 GMT (1E-46a) depicts wind
flow patterns over the Sudan ond the southern halt of
the Red Sea similar to that oo the 15 June DMSP
visible picture (1H-444). On this day the main
convective activity is we'l to the south, and surface
observations show duststornis in progress  with
visibilities of less than 11 miles. Again the flew patiern
confines the dust to the southern half of the Red Sea
region.

20 June

Fhe DMSP visible picture at 073 GMT (1F-474)
shows a prominent dust plumic emerging from the
Tokar Gap and spreading cot o anarch over the Red
The o an outstanding example of a Tekar Gap
Sasttorm produced by beh vinds Winds tunncling
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theough  the valley under o stropg ow-level
temperature inverston pick up speed dueto the ventun
ctfect, ransing dust in the process v hichis advected out
over the Red Scan On this day, 60k soatherly winds
were obverved near Fokar at the 830-mb level at 1200
GMT (MONLEX winds, not shiown, Krishnamuru,
1979).

Important Conclusions
1. The Tokar Gap s a prefesied route for dust
advection into the central and soathern Red Sca.,

[$%2

Qualitative comparisons of satellite visible and
infrared imagery arc usclulindetermining relative
severity of duststorm conditions.

3. Dust plumes emerging trom the Tokar Gap may
indicate strong southwesterly winds.

Reference
Krishnamurii. 7. N.. P. Ardanuy. Y. Raroanathan. and R.

Pasch, 1979 Quick look summer MONEX atlas, pan 11,
the onset phase. FSU zepon Noo 79-% Horida Siate
Imversity, Tallahassee. Flonda. 208 np
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Case 4 Red Sea/ Persian Gulf—

Summer

Duststorms over the Southern Red Sea

An unstable atmosnhere is necessary before duststorms can develop.
Under such conditior », dust raised at the surtace is lifted vertically to
altitudes where stronger winds exist, permitting advection long distances
downwind. In the southern half of the Red Sea, the maximum frequency
of duststorms is during the summer months when convectively unstable
air reaches the Red Sea region as part of the southwest monsoon flow
from cquatorial latitudes. The Tokar Gap is 4 southwest to northeast
oriented valley that opens onto the western shore of the Red Sea
(1E-41a). During the southwest monsoon, winds tunneling through this
valley pick up speed due to the venturi etfect, and raise dust in the process
which is advected out over the Red Sea. Dust may also be generated by
local convective activity (haboobs) over the desert and be advected by the
prevailing southwesterly winds through the [okar Gap. Over the Red
Seca, the tlew tends to turn anticyclonically so that the entire southern
portion of the Red Sea is affected by the dust. From an operational point
of view, it is important to recognize that air to ground visibility in dust-
storms is generally a small fraction of the surtace reported horizontal
visibility, therefore it may not be possible to pick out an airtield from
above, even when reported horizontal surface visibility i1s three miles or
more.

u‘ o )7 - - ' .
Inset Tokar Gap: DOD Topographic Map /

1F-41a Wind Flow during Southwest Monsoon Duststorms
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Dhrosistorms Generated by the Stummer Shamal
Persian Gulf
June 1979

25 Juue

The DMSE aasible picture at 0332 GMT (1F-52u) 5 Forecasters should be alerted to the possibihity of
shows i large scale duststorm generated by a summer strong fow-level wind shear. producing severe
shamal At this tme the pramaay dust sounree is over clear atr turbulence at Persian Gult locations
western Jran Dast is also apparent in ceotral lray duting summer mghttime howrs whenever i
wheee surface features, lakes, cte., are obscured; as marked low-level imversion exists,

wellas ever central Saudi Arabia: and over the central
portion ot the Red Sea. The Peesian Gult is totally
abseured by dost, The NMCO surface streambine
analvas tor 0600 GMT (not shown) reveals numerous
reports of suspended dust north of the Persian Gulf.
along coastel stations of the Persian Gult, and
westward to the Red Sea. The clockwise turning of the
suspended dust as corroborated by the 850-mb wind
pattern (not showns see Keshoamurty, 1979) which
shows an aniiceyclonic flow pattern over the region
with 30-kt northerly winds at Kuwatt. The surface to
K30-mb wind conditions at Dhahran (1E-53a), tor the
period trom 23 0000 GMT to 26 0000 GM T show

S that strong winds persisted throughout the period and

3 that a noctumal jet appears in evidence on the 0000

GMT  (mghttime)  data. This  condition closely

T resembles the nocturnal jet profile (1E-53b) described
p by Mceinbery (1983).

With the summer shamal being an cxtremely

persistent feature, fhe forecasting of the development
of the nocturnal low-level jet may be the most critical
1ssue. One can be sure that it will not occur when night-
tire surtace winds are strong, implying the lack of a
low-level inversion. Combining the use of satellite
imagery toomonitor the dust plume activity with
conventional surtface and upper-air observations will
proside the information needed to forecast nocturnal
Intevents, By Keeping a record of the surface temper-
atures as the night progresses and comparing these
with an afternoon (1200 GMT) sounding, one can

B determine whenastrong noctuinal surface inversion is
- developig and hence the dikelihood of a jet formation
= alott in the evening,

.

R Important Conclusions

. 1. Ihe summer shumal does not produce a cloud
) stenature and therefore is not clearly indicated by
cloud hines in satellite imagery.

2 Pocal as well as large-scale duststorms are daily
events over the land areas north of the Persian
Gult. fraqg. and Kuwsit during the summer
shamal. and these events are evident in satellite
MLAZCTY.

>

Nighttime strong low-level temperature
inversions tend to form over the desert arcas
durmny the summer. A nocturnal fow jet profile
with, the core near 600 to 70t develops under
summer shanmal conditions with strong surface
HIVOTS O,

4 Iby nocturnal jet tends to develop under

. . Reference
moaderate stmmer shamal conditions, rather than Krishnamurti, 1 N P, Ardanuy, Y. Ramanathan, and R
andar stiong conditions where mechanical mixing Pasch. 1979 Quick look summer MONEX atlas. part 11,
tends to present the tormation of o low-level the onset phase. FSU report No o 79-5, Flonda State

mersion, Unwversity, Ballahassee, Florida. 205 pp.
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